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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]During NR SI, CSI-RS have been discussed for various purposes such as CSI acquisition, beam management, mobility support, as captured by [1]. According to the agreements from RAN1#85 to RAN1#88bis in Appendix [2]-[8], potential functionalities of CSI-RS can be summarized as follows:
· CSI acquisition
· Beam management
· L3 CONNECTED mode mobility support
· Others, e.g., fine time/frequency tracking, beam failure monitoring, power control, etc.
The details of remaining issues of CSI-RS for each of these functionalities have been summarized in contribution [9]. As the CSI-RS related issues for L3 CONNECTED mode mobility are being discussed in another agenda item “7.1.1.5.2 Measurement based on CSI-RS for L3 mobility”, this contribution focuses on summarizing both remaining issues and main views from companies contributions  [10]-[35] on CSI-RS for CSI acquisition and beam management.
CSI-RS for CSI Acquisition
CSI-RS RE pattern
Open issues: CSI-RS RE patterns within a PRB and slot for 1-port and >=8-port up to 32-port CSI-RS including RE pattern aggregation details.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Structure of CSI-RS pattern
· Component pattern based: Huawei, HiSilicon, Intel, CATT, Nokia, Alcatel-Lucent Shanghai Bell, ZTE, Qualcomm, Samsung, LGE
· RE-level comb pattern based: Ericsson, Nokia, Alcatel-Lucent Shanghai Bell
· Note 1: Component-based pattern can be described by one or more interleaved RE-level combs and is thus supported
· Note 2: A PRB-level comb is a special case of one or more interleaved RE-level combs and is thus supported
2) Component CSI-RS RE pattern(s) (Y,Z) for X>4 ports
· The size of YZ
· YZ>2, e.g. (Y,Z)=(4,1), (2,2), (8,1), (2,4), (4,2), (8,2): Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, ZTE
· YZ=2, i.e. (Y,Z)=(2,1): Samsung, Qualcomm
· The number of supported pairs of (Y,Z) in total (i.e., not within an X port resource)
· Multiple pairs of (Y,Z), e.g. (Y,Z)=(4,1), (2,2), (8,1), (2,4), (4,2), (8,2): Huawei, HiSilicon, ZTE, LGE
· Single pair of (Y,Z), e.g. (Y,Z)=(2,1), (4,1), (2,2): Samsung, Qualcomm, Intel, CATT, Nokia, Alcatel-Lucent Shanghai Bell
3) The number of adjacent OFDM symbols L for one CSI-RS resource spanning in N OFDM symbols
· Support L=N for N=2, 4: Huawei, HiSilicon
· Support L=N for N=2, and L=2 or 4 for N=4: CATT, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, ZTE, LGE
4) The RE mapping pattern of one CSI-RS resource is the same in all N symbols
· Support for at least N=2: Huawei, HiSilicon, ZTE, CATT
· Support for N=2, 4: Ericsson, Qualcomm
· Support for N=2, 4 with adjacent OFDM symbols, FFS for N=4 with non-adjacent OFDM symbols: Samsung, LGE
Based on the above views, the following proposals can be considered.
Proposal 1: At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
Proposal 2: At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
CDM
Open issues: Details on CDM-2/-4/-8 including CDM pattern, configuration, etc.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Whether or not to support “no CDM” in addition to the already agreed CDM-2/-4/-8
· Support “no CDM”: Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, ZTE
· For at least X=1 port: Huawei, HiSilicon, CATT
· For X=1, 2, 4, 8, 12, 16, 32 ports: Nokia, Alcatel-Lucent Shanghai Bell, ZTE
· Support “no CDM” for beam management: LGE
· Not support “no CDM” for CSI acquisition: LGE
2) CDM sequence
· OCC: Huawei, HiSilicon, Ericsson, Nokia, Alcatel-Lucent Shanghai Bell, CATT, ZTE, LGE
· CS: Ericsson
3) CDM pattern
· For CDM 2: 
· Number of ports X
· Support X=2 port: Nokia, Alcatel-Lucent Shanghai Bell 
· Support X=2, 4, 8 ports: Huawei, HiSilicon
· Support X=2, 4, 8, 12, 16, 32 ports: CATT
· Support X=4, 8, 16, 32 ports: ZTE
· Time- and/or Frequency-domain CDM
· Support time-domain CDM 2: CATT, ZTE
· Support frequency-domain CDM 2: Huawei, HiSilicon, ZTE, CATT
· For CDM 4: 
· Number of ports
· Support X=4, 8, 12, 16 ports: Nokia, Alcatel-Lucent Shanghai Bell, Huawei, HiSilicon 
· Support X=4, 8, 12, 16, 32 ports: CATT
· Support X=16, 32 ports: ZTE
· Time- and/or Frequency-domain CDM
· Support time-domain CDM 4 : CATT, ZTE
· Support frequency-domain CDM 4: Ericsson, Huawei, HiSilicon, CATT
· Support time- and frequency-domain CDM 4: Ericsson, Huawei, HiSilicon, CATT, ZTE
· For CDM 8:
· Number of ports
· Support X=16, 32 ports: Nokia, Alcatel-Lucent Shanghai Bell 
· Support X=32 ports: Huawei, HiSilicon, CATT, ZTE
· Time- and/or Frequency-domain CDM
· Support frequency-domain CDM 8: Ericsson, 
· Support time- and frequency-domain CDM 8: Ericsson, Huawei, HiSilicon, ZTE, CATT
4) A CDM pattern within/between component CSI-RS RE pattern(s)
· Support a CDM pattern within a component CSI-RS RE pattern: Huawei (N=1 and 2), HiSilicon, ZTE
· Support a CDM pattern across multiple component CSI-RS RE patterns: Samsung, Intel, CATT, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell

Based on the above views, the following proposals can be considered.
Proposal 3: Support the following CDM design for CSI-RS
· Support “no CDM” for CSI-RS in additional to the agreed CDM-2, CDM-4 and CDM-8.
· FFS: which value(s) of X for X-port CSI-RS can be configured with “no CDM” by taking into account its use case(s) such as fine time and frequency tracking, beam management, phase compensation for CSI acquisition etc
· Support at least OCC as one type of CDM sequence
· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences
· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32
· FFS:  Support for other pairings of CDM value and number of ports X 
RS RE densities 
Open issues:
· Values of D other than {1, 1/2} RE/port/PRB.
· Detailed configurations for each value of D, including comb offset values for D<1, etc.
· Possible combinations of value(s) of D and the number of CSI-RS ports X.
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
Comb offset values
· Different comb offset values for different ports: Huawei, HiSilicon, CATT, Ericsson (RE-level combs)
· Same comb offset values for different ports: Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell
CSI-RS for Beam Management
Number of ports and reporting mechanism for the preferred beam
Contribution summary:
The number(s) of ports X in one CSI-RS resource, and the number(s) of CSI-RS resources K in N OFDM symbols for beam management
1) If an antenna port(s) corresponds to a beam 
· Up to X=[16, 32] ports per resource, and K = 1 resource in N = 1 OFDM symbol: Samsung
· Up to X=[32] ports per resource, and K = 1 resource in N = Y (Y>=1) OFDM symbol: LGE
2) If an CSI-RS resource corresponds to a beam 
· Up to X=2 ports per resource, and up to K = 8 resources in N = 1 OFDM symbol: Samsung
· Up to X=1 port per resource in N = 1 OFDM symbol: LGE
CSI-RS RE pattern
Open issues: CSI-RS RE patterns and configuration details of CSI-RS.
· Tx and Rx beam sweeping patterns
· Sub-time unit details including down-selection among options when sub-time units smaller than an OFDM symbol in a reference numerology, e.g. IFDMA, larger subcarrier spacing, DFT-based methods
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
1) Relations between the reference numerology, the CSI-RS numerology and the numerologies of channels sharing the same slot
· Reference numerology is the data channel numerology: Ericsson, CATT
· Reference numerology is the CSI-RS numerology for beam management: Samsung
2) Size of one time unit
· Equal to an OFDM symbol in the reference numerology: Ericsson
· Equal to or larger than an OFDM symbol in the reference numerology: CATT, LGE
· Equal to an OFDM symbol in the CSI-RS numerology for beam management: Samsung
3) Size of one sub-time unit
· Smaller than an OFDM symbol in the reference numerology: Ericsson, Intel, Nokia, Alcatel-Lucent Shanghai Bell, KT Corp, Spreadtrum, NEC, ZTE, OPPO, InterDigital
· Equal to and smaller than an OFDM symbol in the reference numerology: Huawei, HiSilicon, CATT, LGE
4) Method to achieve sub-time units smaller than an OFDM symbol in a reference numerology if supported
· Support option 1 (IFDMA): Ericsson, Intel, Nokia, Alcatel-Lucent Shanghai Bell, LGE, KT Corp, Spreadtrum, NEC, Samsung
· Support option 2 (larger subcarrier spacing): Intel, CATT, ZTE, OPPO, NEC
· Support option 3 (DFT-based): InterDigital
Based on the above views, the following proposals can be considered.
Proposal 4: Make a decision on the relations among the reference numerology, the CSI-RS numerology and the numerologies of channels sharing the same slot; and make a decision on the size of one time unit
Proposal 5: Make a decision on whether or not to confirm the following WA including the details of sub-time units:
· Working assumption:
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
Multiplexing of ports
Open issues: How to support multiplexing of CSI-RS ports, e.g. FDM/TDM/CDM.
Contribution summary:
· FDM: CATT, LGE, Nokia, Alcatel-Lucent Shanghai Bell, , Samsung
· Frequency-domain CDM: CATT (CDM in terms of CS)
Others
Besides of the issues in section 3.1~3.3, other remaining issues of CSI-RS for beam management are also identified as follows:
1) RS RE densities
2) Whether CSI-RS for beam management is UE-specifically configurable only or cell-specific options are also possible
Common Issues of CSI-RS
Structure of CSI-RS pattern

Open issues: Design attributes for multiple identified functionalities based on CSI-RS
Contribution summary:
· Multiple CSI-RS patterns have been discussed in multiple companies’ contributions for multiple use cases. 

Proposal 6:  To harmonize CSI-RS design to the extent possible, NR studies design attributes that can be common across multiple identified functionalities based on CSI-RS.

Note: Further discussion on potential common attributes will occur during RAN1#89

Mapping of port numbers
Open issues: Mapping of port numbers to RE pattern.
Density D>1
Open issues:
· Whether or not to support density D>1 RE/port/RB for CSI-RS
· If D>1 RE/port/RB is supported, figure out the applied functionalities and the supported value(s) of D 
Contribution summary:
The views of the above issues along with their supporters can be summarized as follows.
Density D>1 RE/port/PRB
· Support: Ericsson, Qualcomm, Samsung, Huawei, HiSilicon 
· Not support: Nokia, Alcatel-Lucent Shanghai Bell
Location of CSI-RS
Open issues: Location of OFDM symbols for CSI-RS transmission.
Contribution summary:
1) Location of CSI-RS in a slot
· Early and/or late part in a slot
· Support both early and late part in a slot: Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, Qualcomm, Samsung, CATT 
· Support  at least early part in a slot: LGE
· Indexes of OFDM symbols
· Support {5th, 6th, 7th, 8th, 13th, 14th} for 2-symbol PDCCH: Samsung
· Support {6th, 7th, 8th, 9th, 13th, 14th } for 3-symbol PDCCH: Samsung
· Support {2nd, 4th, 5th, 13th, 14th }: Qualcomm
2) Whether support or not overlapping between CSI-RS and other channels/RS
· Support overlapping: Nokia , Alcatel-Lucent Shanghai Bell, LGE 
· Not support overlapping as starting point: Samsung, ZTE ( non-overlapping with PTRS)
Based on the above views, the following proposals can be considered.
Proposal 7: Support the following location of CSI-RS in a slot
· Early part of a slot after PDCCH and front-loaded DMRS
· FFS: the exact location of OFDM symbols
· Late part of a slot
· FFS: the exact location of OFDM symbols
CSI-RS sequence
Open issues: Design of CSI-RS sequence, including sequence initialization and generation.
Contribution summary:
· Support configurable CSI-RS sequence ID: ,Huawei, HiSilicon
Configuration of CSI-RS parameters
Open issues: Details on configuration of CSI-RS parameters including at least transmission bandwidth, bandwidth granularity, timing related configurations, numbers of configured Resource settings, Resource sets, Resources, and CSI-RS ports, etc.
Contribution summary:
· At least one of following options can be considered as CSI-RS transmission bandwidth: Samsung
· System bandwidth
· Bandwidth part
· CORESET bandwidth
· UE minimum bandwidth
· N times of subband size (e.g. RBG or PRB bundling size)
· Explicit signalling of starting PRB and CSI-RS bandwidth
· At least one of following options can be considered for CSI-RS transmission timing: Samsung
· Specify the periodicity and timing offset as absolute time
· Specify the periodicity and timing offset as the slot or mini-slot indices
· Specify the periodicity and timing offset in sub-time unit (or OFDM symbol)
Transmission power related configuration
Open issues: How to define transmission power related configuration of CSI-RS (e.g. EPRE ratio between CSI-RS and PDSCH)? What would be the corresponding values?
Contribution summary:
· As a baseline, EPRE ratio between CSI-RS and PDSCH and the corresponding values in LTE are considered for the CSI-RS transmission power related configuration: Samsung
Activation/deactivation mechanism(s) for semi-persistent CSI-RS
Open issues: How to support activation/deactivation mechanism(s) for semi-persistent CSI-RS?
Contribution summary:
· Semi-persistent CSI-RS is activated/deactivated by MAC CE: LGE, Samsung, Huawei, HiSilicon
Conclusions
Based on the summary of both remaining issues and main views from companies’ contributions [10]-[35] for CSI-RS for CSI acquisition and beam management, the following proposals can be considered.
Proposal 1: At least for CSI acquisition, for N=2 OFDM symbols, support adjacent OFDM symbols for one CSI-RS resource
· For N=4 OFDM symbols, down-selection between 2 and 4 for the minimum number of adjacent OFDM symbols for one CSI-RS resource
Proposal 2: At least for CSI acquisition, for N=2 OFDM symbols, support a uniform RE mapping pattern wherein the same sub-carriers are occupied in each symbol of one CSI-RS resource 
· FFS: For N=4 OFDM symbols, the RE mapping pattern of one CSI-RS resource
Proposal 3: Support the following CDM design for CSI-RS
· Support “no CDM” for CSI-RS in additional to the agreed CDM-2, CDM-4 and CDM-8.
· FFS: which value(s) of X for X-port CSI-RS can be configured with “no CDM” by taking into account its use case(s) such as fine time and frequency tracking, beam management, phase compensation for CSI acquisition etc
· Support at least OCC as one type of CDM sequence
· FFS: CDM of CSI-RS antenna ports on an RE-level comb based on phase rotation (cyclic shift) sequences
· Support at least CDM 8 for an X-port CSI-RS resource at least when X=32
· FFS:  Support for other pairings of CDM value and number of ports X
Proposal 4: Make a decision on the relations among the reference numerology, the CSI-RS numerology and the numerologies of channels sharing the same slot; and make a decision on the size of one time unit
Proposal 5: Make a decision on whether or not to confirm the following WA including the details of sub-time units:
· Working assumption:
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
Proposal 6:  To harmonize CSI-RS design to the extent possible, NR studies design attributes that can be common across multiple identified functionalities based on CSI-RS.
Proposal 7: Support the following location of CSI-RS in a slot
· Early part of a slot after PDCCH and front-loaded DMRS
· FFS: the exact location of OFDM symbols
· Late part of a slot
· FFS: the exact location of OFDM symbols
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